Abstract -We propose and demonstrate a simple decision threshold control circuit. By employing this method, we demonstrate a feasibility of WDM-PON at 1.25 Gb/s per channel with 100 GHz spacing based on the wavelength-locked F-P LDs.
Introduction
The wavelength division multiplexing-passive optical network (WDM-PON) has been extensively investigated for the fiber-to-the-home (FTTH) [1] . Recently, a wavewlength locked F-P LD have been used as a colorfree WDM-PON sources [2] . However, there exists an optical beating noise in "1" level of the modulated signal, since amplified spontaneous emission (ASE) is injected to the F-P LD for the wavelength-locked output. Thus, to enhance system performance the optimum decision threshold level should be lowered than that of the thermal noise limited systems and decreased as the detected average power increases [3] . In this paper, we propose and demonstrate a simple decision threshold control circuit that can adjust the decision threshold level automatically according to the detected average optical power. By using this method, we could get a color-free operation with the 1.25 Gb/s transmission in the WDM-PON system based on the wavelength-locked F-P LD.
Configuration of the optical receiver with automatic decision threshold control circuit
The proposed optical receiver configuration is shown in Fig. 1 . It consists of a PIN photo-diode (PD), a transimpedance amplifier (TIA), a limiting amplifier (LA), a clock and data recovery (CDR) and a decision threshold control circuit. The decision threshold control circuit is integrated into the receiver. This control circuit is composed of a resistor (R), an electrical amplifier (K), an adder, a dc voltage control circuit (VC), and a low pass filter (LPF).
The operation for the decision threshold control circuit is as follows. First, the transmitted signals from the optical transmitter are detected by the PIN PD. At the same time, the received optical power is monitored by the resistor (R) that located in front of the PD. The voltage drop of the resistor increases proportionally as the received optical power increases. And then, this monitored voltage is amplified by the difference amplifier to determine the amount of the decision threshold level to be changed. The amplified signal (V o1 ) and a reference dc voltage (V DC ) are added by using an adder. This reference voltage is used to set a reference level of the decision threshold. The output of the adder (V o2 ) is then used to change the decision threshold level after passing through the LPF. As a result, the decision threshold level is controlled automatically according to the received optical power. Fig. 2 shows an experimental setup based on the wavelength-locked F-P LD to estimate the performance of decision threshold control circuit. A broadband light source (BLS) is an ASE light generated by a pumped erbium-doped fiber (EDF). The BLS is spectrum sliced by an AWG1 and injected into the F-P LD located at the optical network termination (ONT) via an optical circulator. The ASE power injected into F-P LD is about -13.5 dBm/0.2 nm at the peak wavelength. Then the output signal of the wavelength-locked F-P LD is sent to the AWG2 located at the central office (CO). The channel spacing and its 3-dB bandwidth is 100 GHz and 0.61 nm, respectively. The F-P LD at the ONT is directly modulated at 1.25 Gb/s (PRBS: 2 31 -1) with NRZ data. The mode spacing and front facet reflectivity of the LD is about 0.6 nm and 0.1 %, respectively. The modulation current of the F-P LD is operated at 1.4 I th , where I th is the lasing threshold current and the extinction ratio (ER) is about 10 dB. The performance of the wavelength-locked F-P LD depends on the wavelength position between the spectrum sliced BLS and a lasing mode of F-P LD (i.e., detuning : λ ASE -λ F-P LD ) [3] . It implies that the optimum decision threshold level should be positioned different level according to the external temperature of the F-P LD. In Fig. 3 , we simulated the optimum decision threshold level according to the received power at the best case (48 o C) and worst case (45 o C) within one mode spacing of the F-P LD (45 ~51 o C). We assumed a receiver responsivity of 0.8 A/W, a noise equivalent input current of 3.4 pA/√Hz and the ER of 10 dB. At the thermal noise limit system, the optimum decision threshold level is positioned the center of "1" level and "0" level. It shows with the dash line ①. However, after injection of the spectrum-sliced BLS into the F-P LD, the optimum levels are decreased as the optical power is increased (②, ③). Furthermore, the optimum level of the worst case (③) is positioned more lowered level than that of the best case (②). It is because of the increased intensity noise by the detuning. Thus, an optimization method was proposed to handle this complicated noise characteristic more easily and effectively [3] . To enhance the total system performance we set the decision threshold level at ④ with control circuit. Then, we can achieve a color-free operation. The simulation and experimental results for BER performance at 1.25 Gb/s transmission are shown in Fig. 4 and Fig. 5 , respectively. The simulation result shows good correspondence with the experimental result. The solid (•) and hollow (○) circles show the BER performance without the decision threshold control circuit (decision level: ①) at the best case and worst case, respectively. We could not achieve an error-free transmission at each case. However, when the decision level is controlled by the control circuit (decision level: ④) we could get an error-free transmission within the one mode spacing of the F-P LD (best case: □ , worst case: △). It may be noted that the system errors between the optimum level at the worst case (③) and the decision level of the proposed receiver (④) can be minimized by replacing the linear amplifier with the log amplifier. In addition, we simulated the power penalty resulting from the ER at the worst case with maintaining the decision level at ④ in Fig. 6 . There is no power penalty over the ER of 10 dB. It means that the system performance will be guaranteed in a case that the ER is over 10 dB with the same BLS injection power.
Simulation and experiment results

Conclusion
We have demonstrated the performance of the automatic decision threshold control circuit of the optical receiver in the WDM-PON based on the wavelength-locked F-P LD. Also, we estimated the performance of this control circuit by simulations. By using this control circuit, we could guarantee the system performance regardless of the detuning and ER. As a result, we could achieve a color-free operation at the 1.25 Gb/s transmission. Fig. 3 . Fig. 3 . The optimum decision threshold level at the best case (48˚C) and worst case (45˚C). ④ represents the decision threshold level of the proposed optical receiver.
